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Propyl gallate (PubChem CID: 4947)
a  b  s  t  r  a  c  t
Food  preservatives  play important  role  in today’s  food  supplies  that  are  used  to prolong
the self-life  of  products  by  protecting  them  from deterioration  caused  by  micro-organisms.
In  this study,  investigations  were  carried  out  to  study  the  impacts  of food  preservatives
like  butylated  hydroxytoluene,  butylated  hydroxyanisole,  sorbic  acid,  propyl  gallate  and
sodium nitrate.  The  effects  of  these  preservatives  at concentration  of  1000  ppm,  1500  ppm,
2000 ppm,  2500  ppm  for  4 h,  8 h  and 16 h of exposure  period  were  studied  on  the  root
tips  of  Allium  cepa.  Cytological  studies  revealed  statistically  signiﬁcant  (p <  0.05)  inhibition
in  mitotic  index  with  an  increase  in  concentration  of  the  food preservatives  when  com-
pared  with  the  control.  Most  frequent  cytological  abnormalities  observed  were  bridges,
multipolarity,  C-mitosis,  stickiness  and  cell  death.  The  total  percentages  of  abnormalities
were  also increased  with  increasing  concentration  and  time  duration.  The  abnormalities
(%)  in root  system  caused  by used  preservatives  were  recorded  as  butylated  hydroxy-
toluene  < butylated  hydroxyanisole  < sodium  nitrate  <  sorbic  acid  < propyl  gallate.Keywords:
Genotoxicity
Food preservatives
Mitotic index
Chromosomal abnormalities
Allium  cepa
©  2014  The  Authors.  Published  by Elsevier  Ireland  Ltd.  This  is  an  open  access  article  under
the CC  BY-NC-SA  license  (http://creativecommons.org/licenses/by-nc-sa/3.0/).1. Introduction
Food preservation is one of the oldest technology used
by  human being. This is because increasing population of
the  world, food preservatives have been added to food to
extend  a food’s freshness or self-life and prevents it from
Abbreviations: BHT, butylated hydroxyltoluene; BHA, butylated
hydroxyanisol; SN, sodium nitrate; SA, sorbic acid; PG, propyl gallate; MI,
mitotic index; CA, chromosome aberration; B, bridge; MP,  multipolarity;
CB, chromosomal break; BN, binucleated.
∗ Corresponding author. Tel.: +91 9415991380.
E-mail addresses: pandey.him204@gmail.com (H. Pandey),
vikky11muir@gmail.com (V. Kumar), bijoykrishnabotany12@gmail.com
(B.K.  Roy).
http://dx.doi.org/10.1016/j.toxrep.2014.06.002
2214-7500/© 2014 The Authors. Published by Elsevier Ireland Ltd. Th
(http://creativecommons.org/licenses/by-nc-sa/3.0/).oxidizing. Sugars and salts are frequently used as preserva-
tives.  Chemical preservatives are also being used in most of
food  industries and are generally foolproof for preservation
purposes. However, it has been proved that certain food
additives, especially antimicrobial agents are genotoxic in
different  test systems [34,37]. Some food preservatives are
well  known agent to reduce mitotic index and induce var-
ious  type of chromosomal abnormalities with increasing
concentrations and periods of treatments [49].
In this experiments we  have selected ﬁve food preser-
vatives, popularly used in India and USA, that are butylated
hydroxyanisol (BHA), butylated hydroxytoluene (BHT),
sodium nitrate (SN), propyl gallate (PG), and sorbic acid
(SA).  BHA and BHT are act as an antioxidant [27] and most
commonly used in cereals, chewing gum, potato chips, and
is is an open access article under the CC BY-NC-SA license
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egetable oils. BHA is a mixture of the isomers 3-tert-butyl-
-hydroxyanisole and 2-tert-butyl-4-hydroxyanisole. It
s  also used in food packaging, cosmetics, rubber and
etroleum products [25]. When its higher dose adminis-
ered to the Japanese house musk shrew, which have no
ore-stomach, all animals died from gastrointestinal hae-
orrhage, on the other hand low and mild-dose groups
f  animals showed a 50–60% incidence of adenomatous
yperplasia of the lung [1]. IARC [22] has been reported that
igher  dose of BHA is possible carcinogen to humans. The
ood  grade BHT chemically known as 3,5-di-tert-butyle-4-
ydroxytoluene. Experimental studies on Bacillus subtilis
nd  Salmonella typhimurium indicates that BHT is not harm-
ul  and did not damage DNA and not act as a mutagenic
ubstance [29,3,4]. However at higher dose it was carcino-
enic in mouse [7]. Leslie et al. [31] have reported that
oth  BHA and BHT are cytotoxic and produce injury to
yocardial cultured cells, and at higher dose cause cell lysis
fter  long exposure. PG generally used in combination with
HA  and BHT. It is found in meat products, chicken soup
ase,  and chewing gum. Chemically it is propyl ester of
he  naturally occurring gallic acid, 3,4,5-trihydroxybenzoic
cid. JECFA [25] proved it as an antioxidant and useful to
reserve  and stabilize the freshness of nutritional value
nd  medicinal preparations. FAO/WHO expert committee
n  food additives evaluated that acceptable daily intakes
ADIs) of PG should 0.2 mg/kg body weight. PG showed
oxic result when exposure from 2000 to 3800 mg/kg body
eight  in mice, rats, hamsters, and rabbits [51]. Sorbic
cid  (SA) is the trans–trans form of hexa2,4-dienoic acid a
traight  chain unsaturated fatty acid with molecular weight
f  112.13. SA (E200) is a potent antimicrobial agent basi-
ally  against moulds and yeast and now also works as
rowth inhibitor of bacteria. It is most commonly used in
astries,  cheese, sour soup tins, fruits, beverages, sausages,
weets and ground beef [28,35]. According to JECFA [24]
orbic  acid is not harmful at higher concentration and their
DIs  has been ﬁxed at 25 mg/kg body weight, whereas sor-
ic  acid along with its potassium salt indicated as genotoxic
gent and have induced chromosome aberration (CA) and
ister  chromatid exchange (SCE) [20]. SN is a preserva-
ives, colouring, and ﬂavouring commonly used in bacon,
uncheon meats, hot dog and corned beef. Nitrate (NO3−)
s  white crystalline powder and also naturally occurring
ompounds present in various form in the environment.
t has been also proved that nitrates present in fruits
nd vegetables [30,42]. WHO  recommended that the daily
ntake  (ADI) for nitrate should be 3.67 mg/kg body weight
nd  for nitrite it must not be greater than 0.13 mg/kg
ody weight (WHO, 1973) because higher concentration
f nitrates has caused cancer in adults and increased the
ossibility of brain tumour, leukaemia, and nasopharyngeal
50,8]. Experiments showed that when the food preserva-
ives  were given to organisms in excessive amount, they
aused  toxicity. Usually nitrate–nitrite containing foods
ay  react with endogen amines, forming carcinogenic and
utagenic  compounds, i.e. nitrosoamines [10]. Higher level
f  nitrate in drinking water has caused chromosomal dam-
ge  in children [36,39].
Although  food preservatives are part of our foodstuffs
nd we do not have enough information about theirorts 1 (2014) 300–308 301
harmful effects. Therefore in this study, we  examined the
genotoxic effects of the BHA, BHT, PG, SA, and SN in the
mitotic cells of Allium cepa because A. cepa has assayed
to be best model plant for standard use in environmental
monitoring and cytological analysis [33,32,12]. According
to  previous studies A. cepa, has been considered as one
of  the best established test systems, routinely being used
to  evaluate the genotoxicity potential of environmental
chemicals due to its sensitivity and good correlation with
mammalian test system [18,13,40]. Several pesticidal and
insecticidal chemicals which have been demonstrated to
induce  genotoxicity in A. cepa root meristem cells are also
found  to produce similar effects in human lymphocytes
[19]. Chauhan et al. [5] emphasized the sensitivity of Allium
test  system and validated the use this test as alternative to
mammalian test system for monitoring the genotoxicity
potential.
2. Materials and methods
The  root-tip of A. cepa (2n = 16) were used as the
test material and selected food preservatives were buty-
lated  hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), propyl gallate (PG), sorbic acid (SA), and sodium
nitrate (SN) as the test substances. Chemicals procured
from Sigma–Aldrich, as follows: BHA chemical formula
C11H16O2, molecular weight 180.24 g/mol, BHT chem-
ical formula C15H24O, molecular weight 220.35 g/mol,
PG chemical formula C10H12O5, molecular weight
212.20 g/mol, SA chemical formula C6H8O2, molecu-
lar weight 112.1265 g/mol, SN chemical formula NaNO3,
molecular  weight 84.9947 g/mol.
Small bulbs (1.5–2.0 cm in diameter) of the common
onion, A. cepa (2n = 16), were procured from local mar-
ket.  Prior to initiating the test, the outer scales of the
bulbs and the dry bottom plate were removed without
destroying the root primordia. Bulbs of A. cepa were placed
in  sand and allowed to germinate at room temperature
(25 ± 2 ◦C). When the newly emerged roots were 1–2 cm
in  length, the bulb were removed from the sand washed
and placed on a blotting paper to remove excess water and
used  for the treatment. Roots of A. cepa were treated with
a  series of concentrations, i.e. 1000, 1500, 2000, 2500 ppm
(w/v,  preservatives/distilled water), for 4, 8, 16 h. The con-
trol  bulbs were grown in distilled water. After treatment,
root tips were cut and washed and treated with 0.05%
colchicines for 3 h. Root tips were washed and ﬁxed in a
mixture  of ethanol and glacial acetic acid (3:1) for 24 h,
washed thrice with distilled water, and then dyed with
2%  aceto-carmine. Squashes were prepared as suggested
by  Sharma and [45] to determine the mitotic index and
the  presence of chromosomal aberrations. Three replicates
were  performed for each treatment and scoring was  done
from  the three roots of each replicate. A minimum of 500
well  spread metaphase cells were scored for each con-
centration. The MI  (mitotic index) was  calculated for each
treatment as number of dividing cells per approximately
500 cells [14,15]. The percentage of aberrant cells was  cal-
culated  on the number of aberrant cells per dividing cells
scored  at each concentration for each preservatives. The
cytological abnormalities were scored in the mitotic cells
logy Reports 1 (2014) 300–308
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and the results are shown in the tables and ﬁgures. Necrotic
cells  were identiﬁed by light microscopy using morpho-
logical characteristics of the nucleus which exhibits a pale
cytoplasm or loss of cytoplasm, and a damaged/irregular
nuclear membrane with a partially intact nuclear structure.
The  most frequent abnormalities are shown in photomicro-
graphs.
2.1.  Statistical analysis
One-way  ANOVA and multivariate analysis of the data
was  carried out with the SPSS computer programme. Data
were  expressed as mean ± standard error of mean (SEM).
3. Results
The effects of preservatives on MI  and the frequency of
mitotic  phases are given in Tables 1–5. Used preservatives
in this experiment were found effective for signiﬁcantly
decrease in the overall MI  in the treatment groups
compared with control for all dose concentrations and
treatment periods. It was observed in BHT treated roots
that  decrease in MI  was dose dependent at 4 h of expo-
sure as compared to control and reduction in MI was  highly
signiﬁcant with increased exposure time. However dose
concentration of 1500, 2000 and 2500 ppm at exposure
of  8–16 h showed MI  was insigniﬁcant with each other
(Table 1). Dose concentration of BHA up to 2000–2500 ppm
for  the exposure period of 4–16 h showed insigniﬁcant
MI but other used concentrations were found signiﬁcant
for MI  (Table 2). In case of SN, 4 h exposure showed the
reduction in MI  was maintained only at concentration of
2500  ppm and reduction in MI  was found parallel to control
for  other dose concentrations. At 8 h exposure, a signiﬁcant
decrease of MI  observed with control but treated groups
were  insigniﬁcant with each other. While 16 h treatment
with dose concentration 1000 ppm was observed insigniﬁ-
cant  as compared to control but other concentrations were
signiﬁcantly differ with control group (Table 3). Sorbic
acid  treatment elucidated that signiﬁcant decrease of MI  at
2500  ppm and maximum reduction was observed at 16 h
exposure.  Rest of the SA concentrations, i.e. 1000, 1500
and  2000 ppm were insigniﬁcant with each other (Table 4).
Propyl  gallate (PG) was found highly effective and toxic at
higher  concentration (2500 ppm) in comparison to other
preservatives where inhibition of cell division was found
at  16 h exposure. However reduction in MI  was observed
insigniﬁcant at 4 h and 16 h of exposure time for 2000 and
2500  ppm dose concentrations, and at 8 h of treatment all
concentrations were insigniﬁcant with each other except
control group (Table 5).
The food preservatives BHT, BHA, SA, PG, SN caused
change in the frequencies of different cell stages and also
their  treatments induced a wide range of mitotic abnormal-
ities  as compared to the control in the root tip of A. cepa.
Statistically signiﬁcant correlation between concentration
and chromosomal aberration, necrotic cells and binucle-
ated  cells in which propyl gallate was more prevalent. The
highest  percentage of abnormalities and total number of
abnormalities was 12.93%, 28.67 (Table 1); 15.60%, 28.67
(Table  2); 32.27%, 43.67 (Table 3); 44.18%, 46.33 (Table 4); Ta
b
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Fig. 1. Chromosomal aberrations observed in root tip cells of Allium cepa: A – normal prophase; B – normal metaphase; C – normal anaphase; D – normal
late  anaphase; E – normal telophase; F – sticky metaphase; G – c-metaphase; H – abnormal anaphase with break; I – multipolar anaphase; J – abnormal
a ticky an
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onaphase with laggard; K – chromosomal bridge and lobulated nuclei; L – s
naphase  with laggard; O – binucleated cell; P – necrotic cell.
nd 82.72%, 30.00 (Table 5) respectively. The types and
ercentage of these abnormalities are given above and
bnormalities can be observed in Fig. 1. Several chromo-
omal abnormalities at metaphase and anaphase recorded
ere  bridges, chromosomal break, lobulated nucleus, bin-
cleated  cell, laggard multipolarity, stickiness, C-mitosis,
ecrotic cell were observed in which bridges and multipo-
arity  were more frequent.
Analysis  of two-way ANOVA showed the effect of
reservatives on mitotic index and abnormalities (Table 6),
here  the reduction of MI  was least signiﬁcant as com-
ared to other preservatives in case of sodium nitrate,
hereas chromosomal abnormalities were highly signiﬁ-
antly  increased corresponding to the time of exposure. On
he  other hand, all the preservatives were most effective
nd showed signiﬁcant decrease of the MI  corresponding
o the concentration in comparison to control. The result
f  combined effect of time and concentration showed that
HT,  BHA and SN were insigniﬁcant for MI  in comparison
o rest of the preservatives used.The most interesting investigation in all results was
he  signiﬁcant increase in chromosomal abnormalities per-
entage,  among all the ﬁve food preservatives percentage
f  abnormalities was found least in BHT while highest inaphase with laggard; M – abnormal anaphase with laggard; N – multipolar
propyl  gallate (Fig. 2), which is considerably important for
the  use of food preservatives.
4.  Discussion
The impact of food preservatives BHA, BHT, SA, PG,
and SN has been investigated in meristematic cells of A.
cepa  and signiﬁcant decrease in mitotic index, increase in
abnormality and other cellular activities have been noticed
varying to corresponding concentration and time periods.
Decrease in mitotic index might be due to inhibition of
DNA  synthesis [43,47] or a blocking in the G2-phase of
the  cell cycle, preventing the cell from entering mitosis
[52]. According to [9,23] inhibition of DNA synthesis due
to  decrease in ATP level and pressure from the function-
ing of energy producing centre. Earlier reports revealed
that food preservatives and several other chemicals have
been  reported as inhibitor of MI  [16,41]. Türkog˘lu [49] also
showed  the exposure of root tips of A. cepa to high con-
centration of ﬁve food preservatives led to inhibition of
MI  and DNA synthesis. C-mitosis indicated that the inhibi-
tion  of spindle formation similar to the effect of colchicine
[2]. Presence of C-mitosis is commonly associated with
the  spindle poisons [44]. It is indicative of weak toxic
304 H. Pandey et al. / Toxicology Reports 1 (2014) 300–308
e food pFig. 2. Graphical representation of percentage of abnormality of ﬁv
effect which may  be reversible indicating of risk of aneu-
ploidy. Anaphase bridges are possibly formed by breakage
and  fusion of chromosomes and chromatids. Such chro-
mosomal bridges were reported to be induced by other
food  preservatives like sodium benzoate and sodium sul-
phite  in V. faba [38]. Induction of multipolarity may  be
caused  by the disturbance of spindle formation, which is
present  in all the treatment group except BHT. Multipolar-
ity  also shows subsequent failure of anaphase separation
or  perhaps unequal translocation, shows weak toxicity.
In  our experiment presence of stickiness was high in all
treatments especially at higher concentration indicate an
effect  on proteins of chromosomes and reﬂects a toxic
effect, usually an irreversible type probably leading to
cell  death which has been evidenced in treatment with
propyl gallate only. Although in case of other chemicals
it  can be regarded as physiological effect. Another aber-
ration  induced by propyl gallate was the necrotic cells
at  high concentration and long exposure this means that
this  chemical proved to be both genotoxic and clasto-
genic and also involve in the inhibitory action on DNA
and  RNA synthesis. Laggards were observed in root cells
after  treatment with SA, PG SA, BHT and BHA but not in
SN  even at higher concentration. Lagging chromosomes
appears in response to failure of chromosome to move to
the  either of the poles. Nitrate is relatively nontoxic, butreservatives at different concentrations and different time periods.
approximately 5% of all ingested nitrate is converted to
the  more toxic nitrite [48,46]. Chromosome breakage is
also  known as clastogens observed in all treatment groups
and  their action on chromosome is generally regarded to
involve  an action on DNA [17,6]. Binucleated cells and lob-
ulated  nucleus were observed only in case of BHT and
BHA.  The presence of lobulated nuclei can indicate a cell
death  process. Fernandes et al. [11] found that forma-
tion of nuclear buds may  be because of the elimination
of exceeding genetic material derived from the polyploi-
dization process.
Comparing the results of Tables 1–5 total abnormali-
ties and percentage of abnormality were high at higher
concentration and longer time periods which indicates
that higher dose of preservatives are genotoxic to the
living cells. The result also shows that least percentage
of abnormalities is present in BHT and highest in propyl
gallate. The order of increasing abnormalities percent-
age is BHT < BHA < SN < SA < PG. BHT and BHA show less
abnormalities because these chemicals have antioxidative
properties, Kahl and Kappus [27] also concluded that these
chemicals are harmless even at higher concentration up to
3000  ppm [53,21] but here level of abnormality of BHA and
BHT  show that it might be genotoxic at this concentration.
BHA also known to inhibit mitotic index also reported by
Jos  et al. [26].
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Table 2
Cytogenetic analysis of A. cepa root tips exposed to different concentrations of butylated hydroxyanisol for different periods.
Time of treatment Conc. (ppm) Total cells Total mitosis MI (mean ± S.E.a) B MP  Stickiness CB and laggards BN Lobulated nuclei c-Mitosis % of abnormalities Total abnormalities
4 h Control 529.33 ± 1.76 284.33 ± 2.19 53.72 ± 1.11d 0.33 – – – – – – 0.12 0.33 ± 0.33a
1000  514.67 ± 1.45 247.00 ± 3.79 48.00 ± 1.43c 1.33 1.67 1.67 0.33 1.67 1.33 1.00 3.64 9.00 ± 0.58b
1500  535.00 ± 1.15 242.67 ± 2.73 45.36 ± 1.01b 3.33 2 2.00 0.67 2.00 1.67 0.33 4.94 12.00 ± 1.53c
2000  533.67 ± 2.73 219.33 ± 2.33 41.11 ± 1.14a 2 3.67 2.67 1.00 2.00 2.00 1.67 6.84 15.00 ± 0.58d
2500  519.67 ± 5.04 213.33 ± 2.03 41.05 ± 1.42a 4  4 3.00 2.00 1.33 2.00 2.00 8.59 18.33 ± 0.67e
8  h Control 523.33 ± 1.67 274.00 ± 4.58 52.36 ± 1.54d 0.33 –  – – 0.33 –  – 0.24 0.67 ± 0.33a
1000  507.33 ± 1.76 244.33 ± 2.33 48.16 ± 1.55cd 3 4 2.00 – 0.33 0.67 1.67 4.78 11.33 ± 0.88b
1500  524.67 ± 1.86 234.67 ± 2.60 44.72 ± 1.48c 4  5 3.00 0.67 1.00 0.33 2.33 5.68 16.33 ± 1.20bc
2000  532.00 ± 1.53 212.67 ± 2.73 39.97 ± 1.16a 5.33 5.67 2.33 1.00 2.67 1.33 1.33 9.24 19.67 ± 1.45cd
2500  534.33 ± 1.45 200.33 ± 0.88 37.50 ± 1.02a 7.33 7  2.33 1.67 2.33 1.67 1.67 11.98 24.00 ± 3.06d
16 h Control 518.00 ± 3.46 267.67 ± 4.81 51.66 ± 1.13c 0.33 0.33 – – – – 0.25 0.67 ± 0.33a
1000  536.00 ± 1.73 233.33 ± 2.60 43.48 ± 1.11b 4.33 5 2.00 2.00 1.33 2.00 0.67 7.44 16.67 ± 0.67b
1500  524.67 ± 1.45 213.67 ± 1.86 40.72 ± 1.00b 6.33 7 2.33 1.67 1.33 3.00 2.00 11.07 23.67 ± 0.88c
2000  525.33 ± 2.91 194.67 ± 1.45 37.06 ± 1.07a 6.33 7 2.67 2.00 1.33 1.67 1.33 11.47 22.33 ± 1.20c
2500  533.33 ± 2.40 181.67 ± 6.01 34.07 ± 1.26a 7.67 10.33 3.67 1.67 1.00 1.33 2.67 15.60 28.67 ± 0.33d
MI – mitotic index; B – bridges; MP  – multipolarity; CB – chromosomal break.
a Means with the same letters do not signiﬁcantly differ at 0.05 level (Duncon’s test).
Table 3
Cytogenetic analysis of A. cepa root tips exposed to different concentrations of sodium nitrate for different periods.
Time of treatment Conc. (ppm) Total cells Total mitosis MI (mean ± S.E.a) B MP  Stickiness c-Mitosis Binucleated % of abnormalities Total abnormalities
4 h Control 518.67 ± 1.33 179.00 ± 1.15 34.52 ± 1.35a – – – – – 0.18 0.33 ± 0.33a
1000  513.33 ± 5.49 175.67 ± 2.33 34.25 ± 1.16a 1.33 1.33 – – – 1.51 2.67 ± 0.33ab
1500  511.67 ± 7.06 169.67 ± 1.20 33.18 ± 0.90a 2 1.67 1 0.33 – 2.95 5.00 ± 0.00b
2000  510.33 ± 5.17 168.33 ± 0.33 32.99 ± 1.09a 4.33 3.67 3.33 1.33 – 7.52 12.67 ± 1.20c
2500  528.67 ± 1.45 166.00 ± 2.65 31.39 ± 1.17a 4.33 4.5 1.67 2.33 0.33 7.93 16.00 ± 1.15d
8 h Control 519.00 ± 4.93 188.00 ± 1.53 36.25 ± 1.18b – – – – – 0.00 0.00 ± 0.00a
1000  544.67 ± 3.48 173.00 ± 6.43 31.75 ± 1.36a 3 3.33 2 1.67 0.67 6.17 10.67 ± 2.33b
1500  518.00 ± 2.65 164.33 ± 8.95 31.71 ± 1.57a 5.67 4 5 2 – 10.14 16.67 ± 0.67c
2000  513.00 ± 2.65 159.00 ± 2.00 30.98 ± 0.99a 10.33 6 2.33 – 0.33 11.94 19.00 ± 0.58c
2500  525.33 ± 1.76 155.00 ± 2.65 29.51 ± 1.09a 9.67 – 5.33 2.33 0.33 11.39 18.00 ± 0.58c
16 h Control 522.67 ± 4.26 188.00 ± 3.61 35.99 ± 1.32b – – 0.33 – – 0.18 0.33 ± 0.33a
1000  504.33 ± 2.03 175.67 ± 4.81 34.82 ± 1.41b 1 17.67 4.67 2.67 0.67 15.18 26.67 ± 0.88b
1500  514.67 ± 4.67 148.33 ± 4.63 28.81 ± 1.20a 16 5 – 4.33 0.33 17.30 25.67 ± 1.20b
2000  521.00 ± 6.66 150.67 ± 4.41 28.95 ± 1.21a 16.67 8.67 5 2 1 22.13 33.33 ± 1.67c
2500  520.33 ± 3.53 135.33 ± 3.84 26.02 ± 1.09a 19.67 13 6 3 2 32.27 43.67 ± 1.76d
MI – mitotic index; B – bridges; MP  – multipolarity.
a Means with the same letters do not signiﬁcantly differ at 0.05 level (Duncon’s test).
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Table 4
Cytogenetic analysis of A. cepa root tips exposed to different concentrations of sorbic acid for different periods.
Time of treatment Conc. (ppm) Total cells Total cells MI  (mean ± S.E.a) B MP  Stickiness CB and laggards c-Mitosis % of abnormalities Total abnormalities
4 h Control 561.33 ± 6.69 247.67 ± 8.25 44.15 ± 1.80b .33 – – – – 0.13 0.33 ± 0.33a
1000  546.67 ± 8.29 230.67 ± 2.60 42.21 ± 1.56ab – 1.33 2.33 – 1 2.02 4.67 ± 1.20b
1500  558.33 ± 5.78 220.67 ± 5.78 39.55 ± 1.44ab 4 1 2.67 1.67 – 4.23 9.00 ± 1.00c
2000  531.00 ± 4.73 209.67 ± 2.96 39.50 ± 1.51a 5.33 3 1 1.00 0.67 5.25 12.67 ± 0.88d
2500  546.00 ± 5.57 211.00 ± 2.52 38.67 ± 1.32a 7 1.33 3 1.67 0.33 6.32 10.67 ± 0.88cd
8 h Control 529.67 ± 24.31 242.33 ± 2.19 45.92 ± 1.86a – – 0.67 – – 0.28 0.67 ± 0.33a
1000  519.67 ± 2.03 210.33 ± 4.98 40.49 ± 1.55a 2.67 3.33 3 2.33 0.67 5.71 12.00 ± 1.00b
1500  520.00 ± 3.79 199.00 ± 2.65 38.28 ± 1.22a 6.67 3.67 – 2.67 1 7.04 13.67 ± 1.45bc
2000  519.67 ± 13.32 197.00 ± 7.57. 38.05 ± 2.16a 3 5.67 5 3.00 2.67 9.82 16.67 ± 1.20cd
2500  513.67 ± 3.28 178.67 ± 4.81 34.80 ± 1.50a 8.67 5 0.33 3.33 2.67 11.19 20.00 ± 1.73d
16 h Control 540.67 ± 8.09 234.33 ± 4.33 43.38 ± 1.45c .33 – – – .33 0.29 0.67 ± 0.33a
1000  538.67 ± 4.33 133.67 ± 11.61 24.81 ± 2.11b 6.33 6 2.33 – 1 11.72 15.67 ± 0.33b
1500  515.00 ± 2.52 119.33 ± 2.33 23.17 ± 1.01ab 10 5.33 3.67 2.33 1.33 18.99 22.67 ± 1.45c
2000  510.00 ± 4.58 112.67 ± 2.73 22.11 ± 1.29ab 18 7 3.33 2.67 3.33 30.47 36.00 ± 2.65d
2500  532.00 ± 3.79 103.33 ± 7.51 19.43 ± 1.55a 20.33 15.33 7.33 1.33 1.33 44.18 46.33 ± 2.96e
MI – mitotic index; B – bridges; MP  – multipolarity; CB – chromosomal break.
a Means with the same letters do not signiﬁcantly differ at 0.05 level (Duncon’s test).
Table 5
Cytogenetic analysis of A. cepa root tips exposed with different concentration of propyl gallate for different periods.
Time of treatment Conc. (ppm) Total cell Total mitosis MI  (mean ± S.E.a) B MP Stickiness CB and laggards c-Mitosis Necrotic cells % of abnormalities Total abnormalities
4 h Control 519.67 ± 1.45 232.00 ± 3.61 44.64 ± 1.75c 0.33 – – – – – 0.14 0.33 ± 0.33a
1000 515.33 ± 1.45 222.00 ± 4.58 43.07 ± 1.87bc 4.00 2.67 3.33 1.67 – – 5.26 9.67 ± 0.67b
1500 510.67 ± 1.20 194.67 ± 3.28 38.12 ± 1.69ab 2.33 1.00 3.33 1.33 0.33 0.33 4.44 8.67 ± 0.88b
2000 531.67 ± 3.18 185.00 ± 2.52 34.78 ± 1.33a 1.67 2.67 3.67 3.00 1.00 – 6.49 12.00 ± 0.00c
2500 520.33 ± 4.84 181.67 ± 8.01 34.89 ± 1.56a 5.67 3.00 5.00 2.67 1.00 0.33 9.73 17.33 ± 0.88d
8  h Control  522.67 ± 1.76 222.67 ± 3.93 42.59 ± 1.70b – 0.33 0.33 – – – 0.30 0.67 ± 0.67a
1000 532.00 ± 1.53 193.00 ± 3.06 36.29 ± 1.72a 4.33 2.67 5.00 1.00 1.00 0.67 7.60 14.67 ± 0.67b
1500 512.00 ± 1.73 181.00 ± 1.15 35.36 ± 1.47a 4.67 5.67 1.00 2.00 – – 7.37 13.33 ± 0.33b
2000 516.33 ± 3.18 171.67 ± 2.03 33.23 ± 1.33a 6.33 3.67 – 3.00 0.33 1.00 8.35 14.00 ± 0.00b
2500 504.00 ± 1.53 164.33 ± 3.84 32.60 ± 1.42a 12.67 3.33 1.00 3.00 0.67 1.00 13.19 22.33 ± 0.88c
16 h Control 535.33 ± 1.86 210.00 ± 4.73 39.22 ± 1.30d – 0.33 – – – – 0.16 0.33 ± 0.33a
1000 548.33 ± 1.76 109.00 ± 4.36 19.88 ± 0.96c 3.33 3.00 1.33 4.00 1.00 0.67 12.23 13.33 ± 0.88b
1500 519.00 ± 1.73 77.67 ± 8.45 14.97 ± 0.59b 5.00 2.33 3.00 3.33 – 4.00 22.74 16.00 ± 1.15b
2000 510.67 ± 1.45 40.67 ± 6.57 7.97 ± 0.37a 2.00 5.33 3.67 1.67 6.67 6.00 62.31 28.00 ± 1.00d
2500 525.33 ± 1.76 36.67 ± 4.41 6.98 ± 0.86a 2.00 3.33 3.00 4.00 7.33 10.33 82.72 30.00 ± 3.46d
MI – mitotic index; B – bridges; MP  – multipolarity; CB – chromosomal break.
a Means with the same letters do not signiﬁcantly differ at 0.05 level (Duncon’s test).
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Table 6
Two-way ANOVA showing the relationship between (mitotic index and
abnormalities) and (time and concentration) of the used preservatives
respectively.
Effect of
treatment on
MI  and Ab
Time Concentration Time × Concentration
BHT (MI) 16.39*** 22.13*** 1.83NS
BHA (MI) 16.92*** 69.55*** 0.79NS
SN (MI) 4.65* 13.28*** 2.25NS
SA (MI) 124.40*** 33.13*** 6.41***
PG (MI) 339.42*** 77.38*** 14.61***
BHT (Ab) 76.86*** 108.87*** 9.20***
BHA (Ab) 51.78*** 173.25*** 3.90**
SN (Ab) 384.83*** 243.04*** 31.81***
SA (Ab) 185.98*** 145.27*** 25.99***
PG (Ab) 63.27*** 171.78*** 11.59***
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[34] D. Luca, V. Luca, F. Cotor, L. Raileanu, In vivo and in vitro cytoge-* p < 0.05 signiﬁcant level.
** p < 0.01 signiﬁcant level.
*** p < 0.001 signiﬁcant level.
. Conclusion
From the present investigation it appears that BHT, BHA,
A,  PG, and SN, which is frequently used in packaged food
ave  genotoxic effects on the chromosomes in a reliable
lant assay, then it might be harmful to the other organisms
specially to human being. In view of above, it is necessary
o  be aware about the level of chemicals at the time of using.
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